This article aims to consider the relevancy of (i) cap-and-trade schemes and (ii) 
INTRODUCTION

Background
he issue of global warming in recent years has been at the forefront of not only the scientific community, but also of various governmental institutions (Ren & Lin, 2001 ). Many scientists are of the opinion that higher concentrations of greenhouse gas emissions, such as carbon dioxide and methane, can negatively affect our climate (Sathiendrakumar, 2003) and that if the atmospheric concentrations of these greenhouse gases continue to rise, the global climate will become increasingly warmer (Yusuf et al., 2012; Ren & Lin, 2001 ). Shepherd (2012:1) is in agreement herewith when saying that the climate change currently being experienced is due to an increase in greenhouse gas emissions that arise from human activities, such as the burning of fossil fuels, agriculture and deforestation. Spectral calculations also confirm that water vapour accounts for approximately 87% of the greenhouse effect and a doubling of the current level of carbon dioxide emissions would result in a rise in global temperatures of 0.51°C without water feedback (Ollila, 2012) . In South Africa, the level of carbon emissions per unit of economic output was nearly three times the average set by the Organisation for Economic Co-operation and Development (OECD) (Goldblatt & Davies, 2002) .
Governments considering strategies for lowering carbon emissions ordinarily have two basic approaches to consider, namely i) a cap-and-trade scheme that reduces emissions by limiting the quantity of carbon dioxide that can be emitted and then allocating emissions permits that are tradable, or ii) introducing a carbon tax scheme that effectively raises the price of fossil fuels based on their carbon content . The cap-and-trade approach has its foundation in the United Nations Framework Convention on Climate Change (UNFCCC) that was established with the goal of reducing the concentration of greenhouse gases in the atmosphere, to which South Africa became a signatory in August 1997 (UNFCCC, 2004) . In a cap-and-trade scheme, a governmental organisation typically issues a license (or permit) to pollute to major industries with the entity then being in position to trade these permits with another entity who might make 'equivalent' changes more cost effectively (Gilbertson & Reyes, 2009 ). This is the approach underlying most emission trading schemes with the underlying theory that the available supply of permits will be slowly reduced, so that the market retains its value while at the same time forcing a decrease in the overall level of greenhouse gas emissions (Gilbertson & Reyes 2009 ). On the other hand, carbon tax is in essence an excise tax on the producers of raw fossil fuels based on the relative carbon content of those fuels (OECD, 1997). The objective of carbon tax is therefore to control the problem of global warming caused by increasing concentrations of greenhouse gases, which then, per se, include carbon (Pearson & Smith, 1991) . The impact of carbon tax is ordinarily determined by using the energy demand function that considers the price elasticity of energy (Yamaguchi, 2007) . According to SBS (2012), carbon tax schemes have been implemented in many countries around the world, including Denmark, Finland, Ireland, the Netherlands, Norway, Slovenia, Sweden, Switzerland, the United Kingdom, Canada, India, Costa Rica and China.
Sustainable development
From the above it is evident that both cap-and-trade schemes and carbon tax schemes intended to effect reductions in greenhouse gas emissions in order to contribute to sustainable development. According to Mohammed (2011) , sustainable development has been defined as that which is required to harmonise the fulfilment of human needs with the protection of the natural environment so that these needs can be met not only in the present, but also in the indefinite future. Sustainable development comprises various elements categorised into three primary dimensions, namely environmental, economic and social, which in essence is the so-called triple bottom line, which has been defined as the balance within the concept of sustainability (Cronje & 

The economic dimension of sustainability is important as critical issues such as costs associated with environmental pollution, constraints on economic growth and the destruction of non-renewable resources are addressed by this area of sustainable development.  With regard to social sustainability, it is suggested that the social dimension of sustainable development encompasses the transformation, and perpetual improvement of the livelihoods of human beings within a specific social context.  In terms of environmental sustainability, clean air and water, reduced toxic emissions and reducing household waste as well as conserving natural resources are among the important environmental policy objectives that most OECD governments have been pursuing over the past thirty years.
The South African context
In terms of related carbon emission developments in South Africa, the National Treasury published a discussion document considering the economic merits for introducing a carbon tax in South Africa in December 2010 (National Treasury, 2010) . This elicited 79 stakeholder responses, with a more detailed policy document containing the design of the carbon tax anticipated to be released in due course (WWF, 2012).
However, prior to this, on 1 September 2010, a carbon emission tax on the sale of new passenger motor vehicles in South Africa was implemented, which added a tax of R75 for every gram of carbon dioxide per kilometre it emits over the 120g/km (NAAMSA, 2011; Shirley, 2010) . These vehicles are taxed on carbon dioxide emissions above 120g/km at a fixed rate of ZAR75 per g/km. Therefore, if a new passenger car emits 200g/km of carbon dioxide, it will be taxed on the 80g/km emitted above the 120g/km threshold. At the suggested flat rate of ZAR75 per g/km, such a vehicle will attract carbon tax of around ZAR 6 000 (Finnern, 2010). In terms of the
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According to Goldblatt (2010a) , the primary distinguishing features of cap-and-trade and carbon tax schemes are typically threefold, namely:

In terms of carbon pricing, carbon tax offers some level of certainty as the price is fixed; whereas with a cap-and-trade approach, the carbon price is uncertain and is subject to market volatility.
In terms of achieving quantitative limits of carbon emissions, the cap-and-trade approach appears to be able to accomplish this more effectively than carbon tax as emissions are capped and therefore provide some level of certainty of the environmental outcome.  In terms of administrative costs, the carbon tax approach may be seen as a more efficient option as its implementation can be executed within the infrastructure of the existing tax administration, whereas the cap-and-trade approach may require the creation of a new institution to implement a trading scheme.
The distinctive characteristics of these two approaches are discussed in more detail below.
Cap-and-trade schemes
The foundation of the cap-and-trade methodology originated with C Boyden Gray who talked about cleaning up the environment by letting people buy and sell rights to pollute (Smithsonian, 2009 ). This concept was initially termed emissions trading, but was subsequently changed to cap and trade. In a cap-and-trade scheme, quantitative limits are set on the time path for greenhouse gas emissions of different countries with these countries then administering these limits in their own fashion. These schemes typically allow for the transfer of emission allowances between the different countries under the Kyoto Protocol (Noordhaus, 2007) . With regard to cap-andtrade schemes in South Africa, it should be noted that South Africa signed the protocol in 2002, and even though it has no commitment to cap emissions, it is involved in Clean Development Mechanism (CDM) projects (DEAT 2010). Some of the key (negative) characteristics of cap-and-trade schemes include the following: http://www.cluteinstitute.com/ 2013 The Clute Institute  There may be initial over-allocation permits to governments or companies resulting in no required behavioural change by companies regarding carbon emissions (Gilbertson & Reyes, 2009 ).

In some instances, producers may be able to transfer abatement costs to consumers and increase its prices without consideration of the true purposes of the scheme (Gilbertson & Reyes, 2009 ).  There are major administrative complexities related to cap-and-trade schemes together with uncertainties with regard to the actual economic costs to business (National Treasury, 2010).
A further issue is the concept of carbon leakage, which is said to occur when there is an increase in greenhouse gas emissions in one country as a result of emission reductions in another country that has stricter climate change policies (CLC, 2010). The results of studies conducted on the effects of the Kyoto Protocol have shown carbon leakage to be in the range of 5 to 20% using static Computable General Equilibrium models, which differs from the opinion of researchers who say, in practice, carbon leakage is not substantial due to transport costs and local market conditions (Barker et al., 2007) . The principles of the cap-and-trade approach, however, have indicated some positive aspects, including the following:
Trade schemes implemented in air pollution programmes in the United States reported a strong positive effect on reducing emissions (Tietenburg, 2003).
The performance of cap-and-trade schemes in the field of improving environmental sustainability was assessed using a simulation model at the University of Saskatchewan, where it was revealed that it decreased carbon dioxide emissions and increased environmental and economic sustainability (Belcher et al., 2003) .
Carbon tax
Carbon tax, which was first introduced in Europe in the early 1990s, has been widely advocated as a means for reducing such emissions to address anthropogenic climate change (Clarke, 2011) . In principle, carbon taxes are levied at the same specific rate on all emissions, irrespective of their source. Since carbon emissions have a proportional relationship to fossil fuel usage, this could be charged directly on emissions of fossil fuels such petrol, gas and coal (IMF, 2008) . In addition to the advantages of price certainty and lower administrative costs, carbon tax offers the advantage of economy-wide application in terms of coverage in comparison to cap-and-trade schemes that ordinarily only cover high emitters in the initial phases (Goldblatt, 2010a ). Another advantage is that pricing systems such as carbon tax are less susceptible to corruption than quantity type systems, with this being demonstrated frequently at international trade interventions when quotas are compared to tariffs (Noordhaus, 2007) . A further significant advantage, according to Pope and Owen (2009) , is the suggestion that it would provide a more stable revenue base over time. They propose (within the Australian context) that it may generate around A$11.5 billion per annum, subject to various treasury assumptions (Pope & Owen, 2009 ).
In terms of disadvantages, carbon tax schemes do not ensure quantifiable, emission reductions (National Treasury, 2010). This assumption is supported by the simulation model developed at the University of Saskatchewan, which revealed that carbon tax had no significant effect on carbon dioxide emissions or environmental sustainability, but may rather decrease economic sustainability (Belcher et al., 2003) . Another possible significant disadvantage is the pricing of carbon. The social cost of carbon has been defined as the monetary damage done by emitting one more ton of carbon at some point in time. Using quantitative modelling, a marginal cost of £100 per ton of carbon has been noted in the United Kingdom (Pearce, 2003) . Ideally, the carbon tax price should be priced to cover the marginal cost per ton of carbon, with the resultant question then being whether the carbon tax price accurately reflects the monetary damage caused by an additional ton of carbon?
EVALUATION OF THE EFFECTIVENESS OF SUCH SCHEMES
Cap-and-trade schemes
In terms of cap and trade, the European Union Environmental Trading Scheme (EU ETS) is the world's largest emissions permit market to date and is organised into distinctive periods referred to as 'phases', with Phase I between 2005 and 2007 and Phase II between 2008 and 2012 (Hintermann, 2012) . In terms of the effectiveness hereof in reducing greenhouse gas emissions, a sample study of 2101 European firms subject to the EU ETS revealed that it led to reductions in emissions in both phases (Abrell et al., 2011) .
In respect of Phase I, an analysis of carbon dioxide emissions by countries subject to the EU ETS (Table 1  below) found an overall net increase of 1.88% in GHG emissions, with 11 out of the 24 countries recording decreases in their carbon emissions. From a review of the above tables it is clear that the EU ETS was more effective in Phase II than in Phase I. It is, however, argued that Phase I not only established a carbon price for material sectors of economic activity in Europe, but also established the necessary trading infrastructure (Convery et al., 2008) . Furthermore, during Phase I, the permits allocated were also found to be consistently higher than the actual verified emissions taking place in the EU ETS countries (Gilbertson & Reyes, 2009 
Carbon tax
Various studies around the world have been conducted using simulations to determine the estimated impact of carbon tax on greenhouse gas emissions, such as the following:

In a study estimating the impact of carbon tax on greenhouse gas emissions in Nepal using an energy system model, it was confirmed that the introduction of carbon tax would result in an estimated reduction of 12% under certain conditions (Shakya et al., 2012) .  A study estimating the effect of policy instruments such as carbon tax in Austria on the passenger motor vehicles confirmed that policy measures may demonstrate an effective reduction in GHG emissions (Kloess & Muller, 2011) .  In terms of the actual effectiveness of the tax in reducing greenhouse gases, studies conducted in Norway, one of the first countries to introduce carbon tax in 1991, revealed that carbon emissions increased by 19% from 1990 to 1999 as opposed to a GDP growth of 35% in the same period, which pointed to an overall reduction in average emission per unit GDP of 12% (Bruvoll & Larson, 2004 ).  In Sweden, an ex-post evaluation of the implementation of carbon tax for the years 1992 to 1995 shows mixed results of the effect of the carbon tax on carbon emissions according to different industries affected by the tax, and also revealed that even though the services sector, household and transport sectors reported no change in emission levels, there was a positive effect on carbon emission levels (Bohlin, 1998) .  In both the Netherlands and Denmark, tax exemptions were provided for the manufacturing industry and related energy intensive industries, and this reduced the mitigating effects of carbon tax in these countries (Lin & Li, 2012 ).  Carbon tax on passenger motor vehicles was introduced in Ireland in 2008, and a study estimating the effect of the tax on greenhouse gas emissions revealed that it should result in a decline in greenhouse gas emissions of 0.2milllions tons of carbon by 2015 (Hennessy & Toll, 2011).
An analysis of the implementation of a potential carbon tax in Washington using a Carbon Tax Analysis Model revealed that a carbon tax at US$30 per metric ton of carbon dioxide lowers GHG emissions by 8.4% (Keibun, 2011) .
Effects of cap-and-trade and carbon tax on industry
In terms of the economic effect of cap-and-trade schemes on profit, employment and value added, a firmbased study of the EU ETS revealed that in Phase I and the beginning of Phase II, the EU ETS did not materially affect profits, employment and value added (Abrell et al., 2011 ). An interim analysis of Phase I of the EU ETS confirms that the first phase had little impact on industry competitiveness (Convery et al., 2008) . Table 3 below summarises the GDP per capita information (adjusted for current prices) for each EU ETS country in the period 2005 to 2009. With the exception of the United Kingdom, all countries reported a real increase in economic growth during the period, with the aggregate economic output growing in real terms by 21%. This mitigates any argument that cap-and-trade schemes will result in decreased profits and growth for companies and industries alike. The effect of carbon tax on certain industries has also been subject to empirical research.

In a study of energy intensive industries, 21 OECD countries between 1992 and 2008 revealed that carbon tax had a positive influence on the international competitiveness of energy intensive industries in export countries (Zhao, 2011 ). An important point to note is that carbon tax has important implications in terms of global competitiveness of economies and even though global competitiveness may not be reduced over the long term by higher energy prices, the short-term effects of a carbon tax may be serious for certain industries (Zhang & Baranzini, 2004 ).  In Sweden, the implementation of carbon tax has had no effect in terms of economic efficiencies in the transport, household and service sectors; however, carbon tax accounted for $1,6 billion of government revenue in 1995 (Bohlin, 1998) . http://www.cluteinstitute.com/ 2013 The Clute Institute  The implementation of excise tax on passenger motor vehicles (based on emission levels rather than engine size) in Ireland is expected to result in a decrease in fiscal revenue by up to half a billion euro in 2025 (Hennessy & Toll, 2011).
AN EVALUATION OF NATIONAL TREASURY'S CASE FOR CARBON TAX
Considering the above, within the South African context, it was not disputed that cap-and-trade schemes could achieve the same objectives as carbon taxes. National Treasury did, however, argue that cap-and-trade schemes brought specific challenges to the South African context. These include the i) credibility of emission caps, the allocation of permits and the need for a competitive market to facilitate trading, ii) price uncertainty, iii) the need for new financial regulations and administrative capacity, iv) tax implications, as well as v) the non-transparency of distributional incidence (National Treasury, 2010).

Firstly, with regard to the credibility of emission caps and the allocation of permits, the EU ETS permit allocations in first phase were greater than verified emissions, which were due to using emission projections before verifiable emissions data became available (Gilbertson & Reyes 2009 ). It was argued that if a cap-and-trade scheme is to work in South Africa, it will be critical for caps to be based on verified emissions data. The emissions data in Table 2 , for the second phase of the EU ETS, indeed confirms the effectiveness of credible caps in reducing carbon emissions.  Secondly, with regard to price uncertainty, this is definitely a valid challenge as seen in EU ETS, where prices have moved significantly in response to new information regarding the allocation of allowances (Goldblatt, 2010b ). The market structure in which permits are traded are equally important, as in South Africa there is a high concentration of emissions in the energy and fossils fuels sector that will create a challenge to the design of an emissions trading scheme in terms of addressing market power as well as ensuring trading liquidity (Goldblatt, 2010b) .  Thirdly, in terms of the administration of an emission trading scheme, most installations in EU ETS chose between a method of calculation or continuous measurement, with the former being the practical choice (Brohe, 2010) . Each member state in the EU ETS is also required to keep a national registry to ensure accurate accounting of all allowances under the Kyoto Protocol (Brohe, 2010) . It is clear that any emissions trading scheme in South Africa will require additional administrative resources for both the government and firms alike.  Fourthly, the tax implications of cap-and-trade can be complicated, especially in the EU ETS, where there has been extensive grandfathering of emission rights (allocating them without charge) (IMF, 2008) . Some experts argue that the grandfathered rights should be recorded as tax expenditure as a minimum, opening the issue up for public debate (IMF, 2008) . This will present a valid challenge for South African Revenue Service (SARS) and NT if an emissions trading system were to be implemented in South Africa.  Fifthly, in respect of the challenge of distributional incidence, a study examining the welfare effect of emissions trading under oligopolistic trading conditions found that refunding 10% of the emission trading proceeds resulted in optimal welfare improvements where such proceeds are reinvested in renewable energy sources (Traber & Kemfert, 2010) . In South Africa, the structure of the energy sector market is oligopolistic (National Treasury, 2010), and provided the proceeds from emissions trading are invested in renewable energy, the challenge may be addressed effectively.
The effects of carbon tax on the competitiveness of industries are positive, and in addition, the carbon tax also increases fiscal revenue, although when replacing another tax, the results may be adverse to the fiscus. The effect of cap-and-trade schemes over the long term on industry is positive, with most EU ETS countries still experiencing positive GDP per capita growth at current prices over a five-year period of the EU ETS.
CONCLUSION
The objective of this article was to consider the effect of cap-and-trade and carbon tax schemes on sustainable development and to use this information in assessing the National Treasury's decision to implement carbon tax in South Africa. In determining the impact of cap-and-trade and carbon tax on sustainable development, the distinguishing features between both instruments were highlighted. The primary difference is that carbon tax is a pricing instrument offering certainty about price but uncertainty about the quantity of emission reductions, whereas a cap-and-trade scheme is a quantity instrument, offering certainty about the quantity of emission reduced but uncertainty about the carbon price.
The studies evaluating the effect of carbon tax on greenhouse gas reduction confirm that the tax has the overall effect of reducing greenhouse gases. These results were obtained from both models predicting the impact of carbon tax on greenhouse gases as well as post-ex results of introducing a carbon tax. In respect of emissions trading, the first phase of the EU ETS showed no decrease in carbon emissions, which was primarily due to permit allocation being based on estimates of carbon emissions rather than verified emissions. However, the second phase of the EU ETS showed a material decline in carbon emissions with caps being based on verified emissions. On a whole, the impact of both market-based instruments on environmental and economically sustainable development is positive. The National Treasury's reasons for not implementing cap-and-trade schemes were explained on the basis of a list of factors that were considered challenging within a South African context. These challenges included the credibility of emission cap, the allocation of permits, the need for a competitive market to facilitate trading, price uncertainty, tax implications, the need for new financial regulations and administrative capacity as well as the nontransparency of distributional incidence.
The significant challenges from a South African context remain a competitive market for trading, price uncertainty, tax implications and administrative capacity. The welfare effect may be positive provided the South African government reinvests proceeds from emissions trading in renewable energy. The credibility of the emission cap and allocation of permits can be addressed by using verifiable emissions as a basis for determining the quantitative limits of carbon emissions and allocating permits based on verifiable emissions rather than grandfathering permits. The decision by the Treasury on a whole is considered rational and acceptable from an economic and environmental perspective.
LIMITATIONS AND FUTURE RESEARCH
A key limitation of the study is that it does not produce any new empirical insights nor does it necessarily validate any existing empirical insights. Notwithstanding this limitation, the article contribution can be seen in it contrasting evaluation of cap-and-trade schemes as opposed to carbon tax schemes, especially in the context of a developing economy such as South Africa. Although the study has led to theoretical insights regarding the relationship of carbon tax and cap-and-trade schemes on greenhouse gas emissions and economic growth, an empirical study will be necessary to validate the theoretical conclusions arrived at in the study. As far as future research opportunities regarding the impact of carbon tax and cap-and-trade schemes on economic and environmental sustainability, the following may be considered. The third phase of the EU ETS started in 2012 and should end in 2020. The level of allocated permits in the third phase is expected to be even smaller than in the second phase. The impact of a shortfall in permit allocations on carbon leakage, which occurs when there is an increase in carbon dioxide in one country as a result of an emissions reduction by a second country with a strict climate policy could be significant. The ability of multi-national companies operating in countries with stringent climate change policies to shift production processes to other countries with less stringent climate change policies and thereby nullify any emission reductions should be considered in determining the true effectiveness of the EU ETS in the third phase.
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